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Abstract 
 
Redland Shire Council (RSC) has recently completed the preparation of Integrated 
Local Transport Plan (ILTP) and started its implementation and monitoring program. 
One of the major thrusts of the ILTP is to reduce the car dependency in the Shire and 
increase the shares of other modes of transport, such as walking, cycling and public 
transport.  
 
To achieve these objectives, a mathematical model is needed that is capable of 
modelling and forecasting the travelling mode choice behaviour in the multi modal 
environment of Redland Shire. Further, the model can be used in order to test public 
transport alternatives along with estimating the demand for the new public transport 
options. 
 
This research attempts to calibrate a nested logit model using the data from the 
computer aided stated preference (SP) surveys being conducted in the Shire. The 
specification for the model is based on all the vital attributes of the travelling modes 
commonly used in the study area including various public transit access modes. It is 
expected that the outcomes of the research will assist policy makers in solving the 
strategic issues of transit planning and the future development of the network for 
transit access modes including walkways and cycleways. 
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1. THE PROPOSED TITLE 
 
“Modelling passenger mode choice behaviour using computer aided stated preference 
data” 
 
 
2. THE PROPOSED SUPERVISORS AND THEIR CREDENTIALS 
 
Principal Supervisor: 
 Professor Luis Ferreira 
 School of Urban Development, QUT 
 
Associate Supervisor: 
 Dr. Jonathan Bunker 
 School of Urban Development, QUT 
 
 
3. INTRODUCTION 
 
3.1. Background 
 
The choice of transport mode is probably one of the most 
important classic models in transport planning. This is 
because of the key role played by public transport in policy 
making. 
(Ortuzar and Willumsen 1994) 
 
Transport modelling is used as an effective tool to manage sustainable development 
in most developed countries. Considerable investments have been made in transport 
planning and policymaking in order to observe the travel behaviour and forecast the 
future demand of travel. This forecasting needs to incorporate the designing of 
transport systems, by making use of the global infrastructure and understanding the 
travel behaviour of the residents of the study area, and develop a system that can 
accommodate travel demands for the future.  
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The South East Queensland (SEQ) region of Australia covers around 1% of 
Queensland’s total area only, yet contains almost two-thirds of the state’s entire 
population. It is one of Australia’s fastest growing regions with a population growth 
predicted as 14% between 2002 and 2007. Car use in the region is also high by world 
standards, with approximately three quarters of all personal trips undertaken by car 
(Socialdata Australia Ltd. 2005). The rising urban sprawl in the region inflates the 
demand for better public transport infrastructure and services. Keeping this in mind, 
many local councils of the region have started implementing the Integrated Local 
Transport Plans (ILTP) that primarily focus on the creation of an ecologically 
sustainable transport system.  
 
Redlands is a Shire in South East Queensland with a population of 117’250 and an 
annual growth rate of 2.6% (Census 2001). One of the major thrusts of ILTP is to 
reduce the car dependency and increase the share of more sustainable travel modes 
such as walking, cycling and public transport (Queensland Government 2000). 
However, in order to bring other forms of transport in the level capable of competing 
with car, it is necessary to substantially improve the transport infrastructure and 
facilities related to these modes.  
 
Before starting the implementation to achieve these objectives, one would certainly 
like to be sure about what conditions (level of infrastructure, facilities, cost, level of 
comfort, etc) an individual would like to think in their to adopt an alternative 
travelling mode to the car. Certain potential measures need to be identified that can be 
put into practice in order to attract a substantial number of car users to adopt public 
transport to fulfil their travelling needs.  
 
The purpose of this study is to develop a comprehensive understanding of the current 
travel profile of the residents of Redland Shire and to forecast the usage of various 
travelling modes under different scenarios. These travel scenarios can be real as well 
as virtual depending on the data provided by the respondent. For this purpose, a 
unique computer based travel survey instrument has been designed that assesses the 
respondents’ current and future travel profiles. The model specification used in 
designing the instrument considers all the commonly used modes in the study area 
 3
and fits them in a nested logit model taking all-the-way as well as access modes to 
line haul public transport in consideration.  
 
3.2. Hypotheses 
 
1) Disaggregate passenger mode choice models can be developed with different 
specifications in a multi-modal environment to forecast the travel behaviour 
using the data obtained through stated preference (SP) surveys.  
 
2) The computer aided survey instrument provides a valid way of understanding 
residents’ current and future travel behaviour 
 
3) The modelling process used here enables the policymakers to test various real 
and hypothetical travel scenarios. 
 
3.3. Research Problem  
 
Despite the development of various passenger mode choice models in the past, little 
has been done to jointly analyse the sensitivity of the travel behaviour of the 
population with their characteristics of trips, trip-makers and the study area. In order 
to  develop more accurate and reliable utility functions for a mode choice model, 
these characteristics need to be taken in consideration.  
 
Generally, the travel behaviour of members of an affluent society is highly influenced 
by car (Australian Bureau of Statistics 2002). A big part of the targeted population are 
generally car captives who are not likely to switch from cars to public transport; even 
if a more efficient infrastructure is implemented. In the past, the models have been 
calibrated only using the survey data of the respondents having an actual choice in 
their travel mode while the data from the captives are ignored. This yields a 
knowledge gap in capturing the complete travel behaviour of a region, since the 
question of what particular biases can be involved with each model estimation 
parameter by the captives remain unresolved.  
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Further, the selection of appropriate sample sizes for model calibration and validation 
play a vital role in effecting the end-values of model parameters. If the travel patterns 
of individuals remain the same for small disaggregate samples, the model can be 
representative of the study area even with a smaller sample size and a large sample 
may not be required. 
 
3.4. Research Questions 
 
The research questions and sub-questions have been set up as follows: 
 
1. How the values of model parameters vary with the change in the following:  
¾ trip characteristics 
i. trip purpose (work, shopping, education, recreational, etc) 
ii. trip length (regional, local) 
 
¾ trip-maker characteristics 
i. age-groups  
 
¾ study area characteristics 
i. public transport infrastructure 
ii. walkway and cycleway network 
 
¾ sample size 
i. sampling bias for small sub-samples 
ii. sampling bias for large sub-samples 
 
2. How can a Computer Assisted Personal Interviewing (CAPI) instrument 
improves the efficiency of the survey design and result in a better response 
rate from the sample? 
 
3. How can the data of the car captive respondents be utilised in analysing the 
study area’s travel behaviour? 
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3.5. Research Aims and Objectives 
 
o To test the feasibility of developing a disaggregate passenger mode choice 
model in a multi-modal environment. 
o To design a computer based stated preference (SP) survey instrument 
presenting the respondents with real and hypothetical travel scenarios in order 
to determine the importance they associate with each attribute of each 
travelling mode used in the model specification. 
o To test the sensitivity of model parameters with changes in the characteristics 
of trips, trip-makers and the study area. 
o To test the sensitivity of model parameters with varying sample size, 
particularly small sub-samples. 
o To develop an overall understanding of the travel behaviour of the sample 
based on the data with those respondents having mode choice as well as that 
of car captives. 
 
3.6. Significance of the Research 
 
o The research will help in developing a comprehensive understanding of the 
travel behaviour of the residents of the study area. 
o The proposed research will test the feasibility of developing separate busways 
for CBD based trips and a network of walkways and cycleways for short trips. 
o The research will test the feasibility of developing an integrated network of 
various access modes. 
 
3.7. Outline of the Report 
 
Chapters 1 and 2 presents the title of the proposed research and the supervisors for the 
study. Chapter 3 provides a brief introduction to the report presenting the background 
knowledge and the hypotheses for the research. The research problem is defined and 
the questions are also established. A list of aims and objectives of the proposed 
research is shown along with the significance of the research with respect to the 
current state of knowledge. Chapter 4 presents the timeline for the completion of the 
PhD program along with a brief description of vital research modules of the plan. 
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Chapter 5 presents the review of the relevant literature in the fields of mode choice 
modelling, model calibration and sample generation strategy. The review also covers 
the survey instrument designing and the justification for using the CAPI form of 
surveys for the study. A detailed report on the findings of the literature review can be 
found in Appendix A. Chapter 6 outlines the progress to date and the chapter 7 
focuses on the research tasks to be accomplished in the future. 
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4. RESEARCH PLAN 
 
4.1. Timeline 
 
The following chart shows the proposed timeline for the research program being 
undertaken. A brief description of all the main modules of the research is provided 
following the chart. 
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4.2. Research Methodology 
 
The research methodology consists of five main stages as follows: 
 
- Stage 1:  ‘state of the art’ literature review; 
- Stage 2:  model development 
- Stage 3:  stated preference (SP) survey instrument designing 
- Stage 4:  survey implementation 
- Stage 5:  model calibration & data analysis 
 
Stage 1:  Literature Review 
A comprehensive ‘state of the art’ literature review will be carried out in order to 
develop a sound understanding of the main modules of the research. The literature 
review will mainly focus on the following topics: 
 
• Theoretical modelling framework for mode choice models; 
• Model calibration techniques; 
• Stated preference surveys; 
• Sample generation techniques; 
• Computer aided survey instrument designing; and 
• Survey implementation issues; 
 
Stage 2:  Model Development 
The objective of this stage is to develop a theoretical mode choice modelling 
framework based on the findings of the literature review and previous case studies on 
the topic. The framework is aimed to include a discrete choice set of the common 
travelling modes, including both all-the-way and access mode options. The choice set 
may include real modes currently being used in the study area along with various 
hypothetical modes for the future. The model specification is aimed to be done by 
including all the main attributes of each travelling mode, that will be observed to have 
a profound effect on an individual’s decision on the choice of mode.  
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Separate utility functions will be developed for each trip purpose so as to make the 
model calibration more realistic as compared to previous models. The framework is 
not only supposed to cater for the responses of people with mode choice but also that 
of the car captives so that the complete picture of the travel behaviour of the study 
area can be drawn at the time of model estimation.  
 
Stage 3:  Stated Preference (SP) Survey Instrument Designing 
A survey instrument needs to be designed involving questions regarding current as 
well as future travelling modes. The respondents are aimed to be presented with 
various travel scenarios, real and hypothetical, in order to generate their complete 
travel profile. The profile will elaborate their behaviour as perceiving a mode choice 
or not.  
 
The instrument is to be designed in a way as to present the respondents with various 
comparison games between the attributes of their current travelling mode and the 
mode they perceive to use for future. The games may present uniquely different 
values of the attributes each time so that their bias towards the model parameters can 
be reduced. The instrument will also include the within-mode comparison games for 
people not perceiving to have a choice with their current mode of travel; so as to 
capture the complete travel behaviour of the study area. 
 
Stage 4:  Survey Implementation 
After designing and testing the instrument, the stated preference (SP) survey needs to 
be conducted in Redland Shire. For this purpose, the study area needs to be properly 
defined, along with suburban boundaries, so as to get an idea of the target population. 
A sampling technique needs to be carefully designed in order to generate an 
appropriate sample for survey purposes. Various marketing approaches may also be 
implemented, with the help of Redland Shire Council, to attract the residents to 
participate in the survey. 
 
A pilot survey is aimed to be conducted initially to get a preliminary idea of the 
response rate and to redesign and finalise the format of the survey instrument design. 
These pilot surveys will also help in resolving the main survey implementation issues 
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regarding the allocation of survey resources, costs to be incurred and ways to improve 
the response rate.  
 
Stage 5:  Model Calibration & Data Analysis 
After the data from the surveys is recorded and analysed for quality purposes, model 
calibration needs to be done in order to determine the values of the model parameters. 
These values will be statistically analysed and their sensitivities tested with results 
from previous case studies. Separate modelling framework will be designed for 
estimating the model with the data from the people having mode choice and also the 
car captives. Sensitivity analysis will be performed on the travel behaviour of the 
residents with their characteristics of trips, trip-makers and the study area. The 
variation in sample sizes is also aimed to be tested in order to see the difference in the 
values of the model parameters when calibrated using different sample sizes.  
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5. LITERATURE REVIEW (SUMMARY) 
 
5.1. Background 
 
The fundamentals of transport modelling were developed in the United States during 
the 1950s, and were then imported into the UK in the early 1960s. Thereafter, the 
following 20 years saw important theoretical developments in the field of transport 
modelling leading to further work in specific sub-areas.  
 
A contemporary dimension was the development of transport mode choice models 
representing the behaviour of travellers of the study area. Since then, the interest in 
this field, as well as the growing complexity has led to further development of various 
travel demand models. However, most of these models trace their origin back to the 
classical transport demand model, the four-step model (FSM), because of its 
overarching framework and logical appeal. The basic structure of the model is 
illustrated in Figure 5.1: 
 
 
 
Figure 5.1 Structure of Four-Step Model 
(Modified from McNally (2000) ) 
 
Trip Generation 
Trip Distribution 
Modal Split 
Trip Assignment 
Evaluation 
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The trip generation stage of the classical transport model aims at predicting the total 
number of trips generated by and attracted to each zone of the study area. Ortuzar and 
Willumsen (1994) have demonstrated common trip generation patterns on the basis of 
following different trip purposes: 
o Work trips; 
o Educational trips; 
o Shopping trips;  
o Social and recreational trips; 
o Other trips (medical, bureaucratic etc). 
 
It is important to develop models that are receptive to the attributes of travel that 
influence an individual’s choice of mode. The quantification of this interaction in 
terms of mathematical relationships is known as modal split. This is the reason why 
the travel demand models are also referred as modal split models or mode choice 
models. 
 
For the model to be representative of the behaviour of the population of the study 
area, it is essential that survey implementation should be carried out in the study area 
and the recorded data should be used for model calibration, rather than using the data 
from previous case studies (Richardson 2003). This raises another crucial issue of 
properly designing a survey instrument that can record the required travel information 
of each respondent. The format of the survey questions should also be designed in a 
way to generate the optimum travel profile of each respondent without getting 
him/her over-burdened with the length of the survey. 
 
5.2. Mode Choice Modelling 
 
A behavioural model is defined as one which represents the decisions that consumers 
make when confronted with alternative choices (Domencich and McFadden 1975). 
These decisions are made on the basis of the terms upon which the different travel 
modes are offered, i.e. the travel times, costs, and service levels of the competing 
alternative travelling modes. The models that tend to represent the travel behaviour of 
the individuals when provided with a discrete set of travelling alternatives are 
commonly known as discrete choice models.   
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5.2.1. Theory of Utility Maximisation 
A discrete choice set can be simply defined as a set of discrete items to choose from. 
In context to transportation, choice set indicates the number of travelling modes 
available to an individual for travelling from one place to another. The individual is 
visualised as selecting that mode which maximises his or her utility (Richards and 
Ben-Akiva 1975). The utility of an alternative is defined as the attraction associated 
to that particular travelling mode from an individual for a specific trip. Therefore, the 
individual will select the mode having the maximum attraction due to various 
attributes such as in-vehicle travel time, different travelling costs involved, parking 
fees etc. This hypothesis is known as utility maximisation and all the mode choice 
models are generally based on this theory. 
 
As a matter of computational convenience, the utility is generally represented as a 
linear function of the attributes of the journey weighted by coefficients which attempt 
to represent their relative importance as perceived by the traveller. One possible 
representation is shown in equation 5.1 as: 
 
Umi = θ1xmi1 + θ2xmi2 + …… + θkxmik          (5.1) 
 
where, 
Umi   is the net utility function for mode m for individual i; 
xmi1, …, xmik are k number of attributes of mode m for individual i; and 
θ1, …, θk are k number of coefficients (or weights attached to each attribute) 
which need to be inferred from the survey data. 
 
The choice behaviour can be modelled using the random utility model which treats 
the utility as a random variable, i.e. comprising of two distinctly separable 
components: a measurable conditioning component and an error component as shown 
in equation 5.2. Therefore, 
 
Umi = Vmi + Emi           (5.2)  
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where, 
Vmi is the systematic component (observed) of utility of mode m for individual i; 
and 
Emi is the error component (unobserved) of utility of mode m for individual i. 
 
For equation 5.2 to be correct, certain homogeneity is needed within the population 
under study. In principle, we require that all individuals share the same set of 
alternatives and face the same constraints. Furthermore, in practical modelling work, 
the difference between the socioeconomic characteristics of similar groups of 
individuals is usually ignored. Although this approach makes the whole process 
simple overall, there is still a possibility of occurrence of severe differences among 
various groups of people. This can be handled by segmenting the entire set of 
individuals into separate utility functions for each group of more similar individuals 
so that individual characteristics could be omitted from the utility function. 
 
By ignoring the attributes of the decision maker, the systematic component of the 
utility can be treated as a function of attributes of available modes only. Therefore, a 
single utility function can be visualised to exist for all individuals. Similarly, the error 
component of the utility can also be considered independent of socioeconomic 
characteristics for the same reason. Assuming that the error component has zero mean 
and an extreme value distribution (Kilburn and Klerman 1999), the net utility 
function can be given as: 
 
Um = Vm + Em            (5.3) 
 
Thus, if there are M number of total travelling modes available in the discrete choice 
set, the probability of an individual selecting mode m, such that m Є M, will be based 
on its associated utility function Um, such that, 
 
        Um ≥ Ui                      (5.4) 
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where, 
Um represents utility of travelling alternative m; and 
Ui represents utility of any travelling alternative i in the set of available travelling 
modes. 
Summarising the theory of utility maximisation presented in equation 5.4, every 
alternative associates a certain utility determined by its various attributes and the 
individual is supposed to select the alternative having the highest utility. However, it 
is impractical to assume that effects of all the variables in an individual’s decision 
regarding the selection of a travel mode are perfectly understood. The beauty of a 
random utility model is that it possesses the power to estimate the effects of the 
observed variables without fully concerning that of the unobserved ones 
incorporating all of them into the error component of the model. Therefore, based on 
the hypothesis of random utility maximisation, the probability that an individual will 
select mode m is given by a simple multinomial logit choice model (Ben-Akiva and 
Lerman 1985) as:  
 
                            Pn = ∑
εMm
)Vexp(
)Vexp(
m
n
 (5.5)
 
where, 
Vn is the utility of mode n; 
Vm is the utility of any mode;  
Pn is the probability that the individual will select mode n; and 
M is the set of all available travelling modes. 
 
One of the main assumptions of Ben-Akiva and Lerman (1985) is that all the travel 
modes used in modelling the travel behaviour are independent of each other. This 
property of the model is also referred as Independence of Irrelevant Alternatives 
(IIA). However, when the choice set contains similar or correlated travelling modes, 
the assumption of having an independent and identical error term across all the modes 
does not always remain valid. For such a specification, it is recommended to use the 
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nested logit models since they allow correlation between the utilities of the 
alternatives in common groups (Daganzo and Kusnic 1992).   
 
5.2.2. Nested Logit Model 
The structure of a nested logit model is characterised by grouping all the subsets of 
correlated alternatives in hierarchies or nests. Each nest, in turn, is represented by a 
composite alternative which competes with the others available to the individual 
(Sobel 1980) as shown in Figure 5.2. 
 
Figure 5.2 Structure of Nested Logit Model 
 
The theoretical framework for the nested logit model is based on the same 
assumptions as that of the multinomial logit model, except that the correlation of error 
terms is assumed to exist among various modes. Therefore, a nested logit model can 
be written as the product of a series of multinomial logit choice models defining each 
level in a tree structure.  
 
Due to the tree structure of these models, equation 5.5 is reassessed and is mentioned 
in Daly (1987), for trees having two levels, as, 
 
    Pij = Pi . Pj|i                        (5.6) 
 
Pj|i = ∑
∈ )i(Ck
k|i
j|i
)exp(
)exp(
V
V             (5.7) 
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Pi = ∑
∈Rt
t
i
)exp(
)exp(
V
V             (5.8) 
  
Vj|i = Xj|i             (5.9) 
 
Vi = Xi + hi log ∑
∈ )i(Ck
k|i)exp(V         (5.10) 
where, 
C(i) is a set of lower-level alternatives that each form part of the higher-level 
alternative i; 
R is the set of higher-level alternatives; 
Xj|i is the measured attractiveness of alternative j conditional on i; and  
Xi is the measured attractiveness of alternative i. 
 
5.2.3. Model Calibration 
Model calibration is the statistical procedure for inferring the values of the parameters 
θ1, θ2, …, θk of equation 5.1 in order to determine the utility functions associated to 
various travelling modes present in the specification choice set. The most common 
statistical method used for determining these values is the maximum likelihood 
method that simply attempts to estimate the values of the parameters for which the 
observed sample is most likely to have occurred (Ben-Akiva and Lerman 1985).  
 
The basic equation of the method, that involves the maximisation of the likelihood 
function, is given as: 
L = ∏
=
M
m
m mtP
1
)( ,         (5.11) 
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where, 
L is the likelihood the model assigns to the vector of available 
alternatives; 
M  is the total number of available alternatives; 
m  is any alternative present in the set of available alternatives; 
tm  is the mode observed to be chosen in alternative m; and 
P(tm,m) is the probability for choosing alternative m. 
 
The most widely used approach is to maximise the logarithm of L rather than L itself. 
This does not change the values of the parameter estimates since the logarithmic 
function is strictly monotonically increasing (Ayyub and McCuen 1997). Thus, the 
likelihood function is transformed to a log-likelihood function and is given as: 
 
L = ∑
=
M
m 1
log [P(tm,m)]                   (5.12) 
 
Given the data, most existing estimation programs solve for the coefficient estimates 
that best explain the observed choices in the sense of making them most likely to 
have occurred. Standard commercial packages such as ALOGIT (Hague Consulting 
Group 1992) can handle the complicated estimation process of maximum likelihood 
involved in a nested logit model. 
 
5.3. Stated Preference (SP) Survey Instrument Designing 
 
For the data required to calibrate a nested logit model, travel surveys are generally 
conducted in the study area in order to record the travel behaviour of the respondents. 
The data recorded from these surveys involve elicitation of travel preferences and 
choices from samples of respondents indicating their travel behaviour in a multi 
modal environment.  
 
This elicitation needs to be realistic and practical in order to forecast travel behaviour 
with a higher degree of accuracy. Therefore, the survey instrument should not only 
involve questions regarding the vital current travelling attributes but also be capable 
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of observing the behaviour of the respondents when faced with hypothetical attributes 
and conditions (Stopher and Jones 2003). These surveys refer to a wide array of 
possible ways of asking individuals about preferences, choices, ways of using 
options, frequencies of use etc and are generally classified as stated preference (SP) 
surveys (Louviere and Street 2000). 
 
During the last few years, stated preference methods have become established as one 
of the key tools in demand analysis (Bates 1994) as they are frequently adopted by 
transport planners for the analysis of the impact of transport policies on travel 
demand (Fujii and Garling 2003). The main reason behind the increasing popularity 
of the stated preference (SP) surveys is its capability to present the respondent with 
virtual travel scenarios consisting of hypothetical travel modes that do not currently 
exist.  
 
The development of a stated preference survey instrument has always been a 
challenging task for the designers since the travel data needed to be collected by the 
instrument entirely depend on the study area and the behaviour of the residents. It is 
also important that the survey instrument should be appropriately designed as to 
record only the travel data that is vital for model estimation rather than over-
burdening the respondent with excessive questioning (Oppenheim 1992). Further, the 
selection of appropriate, simple and clear wording for the questions also result in a 
high response rate for the survey. However, the most vital aspect of the survey 
instrument is the physical nature of the form on which the data is to be recorded.  
 
The survey instruments can be designed by various physical forms depending on the 
nature of the travel data being collected. Currently, the two common forms in practise 
are computer assisted and paper-and-pencil survey designing. Other forms such as 
mail-back and telephone surveys have become dormant since the current ones 
effectively reduce the survey non-response rates (Murakami et al. 2003) and reflect 
more genuine travel behaviour (Wermuth et al. 2003). However, the paper-and-pencil 
interviewing is also gradually becoming extinct because of the flexibilities and 
easiness computer assisted interviewing provides to the interviewers and the 
respondents. 
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A brief review of computer assisted interviewing is presented along with its 
advantages of other forms of survey designing. Please refer to appendix A for a 
detailed review of other survey designing forms. 
 
5.3.1. Computer Assisted Personal Interviewing (CAPI) 
Computer Assisted Personal Interviewing (CAPI) is a computer assisted data 
collection method used for surveying and collecting data in person. It is usually 
conducted at the home or business of the respondent using a portable personal 
computer such as a notebook. CAPI can also include Computer Assisted Self-
Interview (CASI) session where the interviewer hands over the computer to the 
respondent for a short period, but remains available for any instructions or assistance 
for the respondent. After finishing the interview, the data is generally sent to a central 
computer, where all the survey databases are managed. A block diagram of CAPI 
survey data recording process is shown in Figure 5.3. 
 
 
Figure 5.3  CAPI Data Collection Process 
 
Survey 
Sample 
Previous 
Travel 
Behaviour 
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Survey 
Instrument 
(CAPI) 
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Remote 
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Results 
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The role of the interviewer is a major factor in making CAPI interview a success. 
Wojcik and Hunt (1998) have suggested various training techniques in detail for the 
CAPI interviewers; some of them being maintaining the focus on the administration 
of the survey instrument, developing the instruments on latest available technologies 
and developing objective measures for assessing the success of the interviewers in 
achieving the survey objectives. Sperry et al. (1998) have stressed on the importance 
of sound communication and harmony between the interviewers and the respondents 
that can result in achieving high response rates. Additionally, the use of computers in 
data collection can considerably reduce the amount of work and provide automatic 
data coding techniques that improve the data quality and thus, estimate the model 
with a higher level of accuracy. 
 
As the technology advances to provide lighter portable computers with longer battery 
life and user friendly softwares, CAPI will be used more often especially for quick 
turnaround surveys. 
 
5.3.2. Advantages of CAPI 
Bradley (1988) has listed the following major advantages that CAPI has over other 
forms of survey designs, 
 
o an interesting and flexible presentation format; 
o a format that is consistent across the interviewers and the respondents; 
o automatic question branching and prompting; 
o automatic data coding and storage; and 
o the ability to incorporate checks to avoid inconsistent or wrongly entered answers. 
 
5.4. Sample Generation Techniques 
 
Before starting the process of designing a survey, transport modellers need to address 
a number of sampling issues. These issues generally involve the determination of an 
appropriate sample for surveying and eliminating errors and biases from the survey 
sampling data. These issues need to be handled quite carefully since they can totally 
alter the results of the survey, and thus affect the final results achieved by the 
calibration of the model. 
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Before determining the sample set, a transport modeller should have a clear 
understanding of the population of the study area to be targeted for the survey. This is 
known as the target population and is defined as the complete group of the 
individuals, households, vehicles, geographical areas or any other discrete units about 
which one would like to collect information. The population to be sampled should 
coincide with this target population. Richardson et al. (1995) have defined a sample 
as a collection of units which is some part of the total population of the study area, 
specially selected to represent the whole population. Therefore, sampling can be 
described as the process by which inference is made to the whole by examining only 
a part. Sampling should always be done randomly in order to reduce the bias in the 
responses that can occur if a specific group of population is targeted (Nash et al. 
2004).  
 
There are various random sampling techniques generally implemented all over the 
world. These generally include simple random, stratified random, multi-stage, cluster 
and systematic sampling. A detailed review regarding each sampling method is 
provided in Appendix A. 
 
5.4.1. Sampling Errors and Biases 
From the stage of data collection to that of final model calibration, the responses are 
generally subject to various sorts of errors and biases in data and the estimates 
derived from them.  
 
Sampling error arises simply because of the fact that a modeller deals with a sample 
rather than with the whole population. Thus, sampling error cannot be totally 
eliminated even if the sample is very carefully selected and the instrument well 
designed. Richardson et al. (1995) have defined sampling error as primarily a 
function of the sample size and the inherent variability of the parameter under 
consideration. However, the sampling error generally does not affect the estimated 
parameter values and merely influence the variability around these averages (Difiglio 
and Disbrow 1981).  
 
Sampling bias is a total different concept from sampling error and arises mainly 
because of the mistakes made by the modeller in choosing an appropriate sampling 
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method. Having bias in the sample survey results is a more severe problem than 
sampling error itself since it directly affects the estimated values. The results can get 
highly unrealistic due to the induction of sampling bias and therefore, forecasting 
travel behaviour becomes impractical. However, sampling bias can be virtually 
eliminated, defiantly to sampling error, by careful attention to the various aspects of 
sample survey design and by adopting the most appropriate sampling method 
 
Some of the significant safeguards against the introduction of sampling bias in travel 
surveys are listed as follows: 
 
o using the random sampling selection process and fully adopting the sample 
generated by it; 
o performing random call-backs on some respondents in order to check the validity 
of the travel data obtained by surveying them; 
o performing cross-checks with other secondary sources of data to check on the 
representativeness of the respondents; 
o making every possible effort to increase the response rates; and 
o having significant information regarding the travel characteristics of the entire 
sample. 
 
Sampling bias generally varies with the type of survey method being used by the 
modeller and the parameters which the survey seeks to estimate. Therefore, 
performing a temporary survey before the actual survey with a small but significant 
sample in order to determine sampling bias is highly recommended. This survey is 
commonly known as pilot survey. A preliminary model estimation can be done from 
the data gathered from the pilot surveys in order to get an initial idea regarding the 
travel behaviour of the residents of the study area (Ampt and West 1983, Ampt 1993).   
 
5.5. Conclusion 
 
The following discussion summarises the important conclusions drawn from the 
review of literature. The conclusions are mainly focused on the current state of 
knowledge with respect to disaggregate mode choice modelling, stated preference 
(SP) survey instrument designing and sample generation techniques.  
 25
The current transport modelling trend is directed at the use of disaggregate nested 
logit models because of their capability to use a model specification containing 
correlated travelling modes. Further, the access mode choice behaviour can also be 
modelled with a higher level of accuracy using these models. This feature of the 
model is highly essential in determining the travel behaviour of the residents of the 
study area, especially if the study area presents a multi-modal travel environment and 
also enable the transport modellers to use a choice set with correlated travel options. 
For estimating a nested logit model, maximum likelihood method is the most 
commonly used statistical technique that attempts to estimate the values of the 
parameters for which the observed sample is most likely to have occurred.  
 
The data required for model estimation can be recorded from the travel surveys 
conducted in the study area. These surveys can include questions regarding the 
attributes of current travelling modes being used by the respondent (RP surveys) as 
well as that of future travelling modes (SP surveys). The beauty of SP surveys is that 
it can even include hypothetical travelling modes in the SP choice set and can test the 
feasibility of a sample of respondents using those modes under various travel 
scenarios.  
 
The development of a stated preference survey instrument is a challenging task for 
the designers since the travel data needed to be collected by the instrument entirely 
depend on the study area and the behaviour of the residents. The computer assisted 
personal interviewing (CAPI) form of survey instrument is becoming widely popular 
among the designers since it incurs a higher response rate, as compared to other latent 
forms of survey designing, due to the capability of its graphical formats and user-
friendly interface. It also allows the interviewers to conduct face-to-face interviews 
using the laptops and clarify the respondents’ queries regarding the question wording 
and the format. 
 
Before conducting the surveys, an apposite sample needs to be generated that can 
represent the target population. There are various random sampling techniques that 
are generally implemented worldwide by transport modellers. The selection of a 
method depends on various factors such as the socio-economic characteristics of the 
target population for which survey needs to be done, the choice set defined for the 
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model specification, the attributes associated to each travelling mode in the choice set 
and the mode choice model to be calibrated for which the survey needs to be done. 
 
A detailed report of the findings of the literature review on mode choice modelling 
and stated preference (SP) surveys can be found in Appendix A. 
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6. PROGRESS TO DATE 
 
6.1. Literature Review 
 
A comprehensive literature review focussing on the current state of knowledge of 
disaggregate mode choice modelling, stated preference (SP) survey instrument 
designing and sample generation techniques has been completed. A current awareness 
strategy will be implemented throughout the remainder of the research project to 
incorporate new knowledge as it becomes available. 
 
A summary of the findings of the literature review is described in chapter 2 while a 
detailed report is presented in Appendix A. 
 
6.2. Model Development 
 
6.2.1. Profile of the Study Area 
The study area selected for the research covers the southern suburbs of Redland Shire, 
Queensland namely Victoria Point, Thornlands, Redland Bay, Mount Cotton and 
Sheldon. This study area was defined and finalised under the supervision of Redland 
Shire Council. Figure 6.1 shows the map of the Shire clearly marking the suburbs that 
are selected as part of the study area for the research. 
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 Study Area 
 
 Non-Study Area 
 
 
Figure 6.1 Map of Redland Shire 
 
There are two main reasons for specifically selecting the southern suburbs of the 
Shire. First, the northern suburbs have already been covered under the TravelSmart 
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study (Queensland Government 2004) and the Council does not want to over-burden 
the residents of those suburbs with excessive travel surveys. Secondly, the current 
train usage in the southern suburbs is merely inexistent as there are no train stations in 
these suburbs. This makes it easier to generate a choice set for these suburbs by 
excluding train from the set of available travelling options.   
 
Australian Bureau of Statistics (2002) analysed the usage of the main travelling 
modes in the study area for work trips on the basis of Census (2001). The findings of 
the analysis is presented according to percent usage of each mode in the study area in 
Figure 6.2. 
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Figure 6.2 Percentage Usage of Travelling Modes in the Study Area 
 
From Figure 6.2, one can observe the high usage of private cars by the target 
population for travelling purposes. Among these car users, one can expect a 
significant number of car captives who have a profound bias towards each attribute of 
the car and may not be willing to switch to any other available travelling mode. 
Therefore, at the time of model calibration, the data recorded from the car captives 
should be separately analysed from those having choice of mode and their biased 
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values of the model parameters should be determined in order to ascertain the 
complete travel behaviour of the study area. 
 
6.2.2. Model Specification 
The model specification for the research was designed and finalised under the 
supervision of Redland Shire Council. The specification includes the attributes of 
commonly used travelling modes, shown in Figure 6.2, in an SP choice set. The 
choice set contains the attributes of both all-the-way and access modes in order to 
attain a complete picture of an individual’s travel profile. The specification was 
designed on the nested logit modelling framework as shown in Figure 6.3 by nesting 
the set of access modes with the main public transport mode (bus) of the research. 
 
 
 
Figure 6.3 Model Specification 
 
The set of attributes associated to each travelling mode has also been fabricated and 
finalised. The selection of each attribute in the set is based on the findings of the 
literature review and the previous case studies in an Australian context (Ampt 1993, 
Ampt and Waters 1993). A list of all the attributes of all-the-way modes included in 
the specification is shown in Table 6.1 while that of access modes is shown in Table 
6.2.  
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All-The-Way 
Modes 
Quantitative 
Attributes 
Qualitative 
Attributes 
Private Car  Travelling time 
 Parking cost 
 Parking search time 
 Frequency for reaching late 
(work) 
 Proper parking facility (shopping) 
Bus  Travelling time 
 Travelling fare 
 Number of interchanges 
 Waiting time for the bus 
to arrive 
 
Walking  Travelling time  Shower facility at destination 
 Ironing facility at destination 
Cycling  Travelling time  Shower facility at destination 
 Ironing facility at destination 
 
Table 6.1 List of Attributes of All-the-way Modes 
 
Access  
Modes 
Quantitative  
Attributes 
Qualitative  
Attributes 
Walking  Travelling time  Shower facility at bus-stop 
 Ironing facility at bus-stop 
Cycling  Travelling time  Shower facility at bus-stop 
 Ironing facility at bus-stop 
Feeder  
Bus 
 Travelling time 
 Travelling fare 
 Access time (time to 
reach bus-stop from the 
origin of the trip) 
 Waiting time for the bus 
to arrive 
 
Park `n Ride  Travelling time  Availability of free secure parking 
at bus-stop 
Kiss `n Ride  Travelling time  Availability of proper drop-off 
zone at bus-stop 
 
Table 6.2 List of Attributes of Access Modes 
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6.3. Stated Preference (SP) Survey Instrument Designing 
 
The beauty of stated preference (SP) survey design is that it can present various 
virtual scenarios to the respondent with hypothetical travelling modes for future. 
However, these scenarios should be similar to possible future scenarios to avoid 
extrapolation when using the model to make predictions (Bradley 1988). Contrarily, it 
is also vital that the scenarios should not be too realistic, otherwise the orthogonality 
of the SP design may be compromised, leading to the same sorts of co-linearity 
problems that plague the revealed preference (RP) data (McMillan et al. 1997).  
 
The design of the survey instrument was mostly adapted from Bradley et al. (1988) 
who presented a unique computer based adaptive survey design that generated travel 
scenarios on the basis of the specific information provided by each respondent. 
Therefore, the SP scenarios generated were more realistic and made more sense to the 
respondent since they were based on his/her specific RP information.  
 
The survey instrument designed for the research consists of the following main units: 
 
 Personal questions (age-group, size of household); 
 Revealed preference (RP) questions regarding the attributes of the current 
travelling mode; and 
 Stated preference (SP) comparison scenarios between the attributes of the 
current travelling mode and the hypothetical travelling mode (from the SP 
choice set) selected by the respondent for future. 
 
Figure 6.4 shows the block diagram of the three units of the instrument along with the 
data elements from RP and SP units centred on the model specification described in 
section 6.2.2. 
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Figure 6.4 Block Diagram of the Survey Instrument Design 
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For such an instrument design, CAPI is the only physical form that can adaptively 
generate specific SP scenarios based on the information entered by each respondent.  
 
The software selected for programming the CAPI instrument is WinMint 2.1 (a 
standard software used for SP survey designing). The level of functionality and 
coding details of the software can be found in HCG (2000). WinMint has the 
following unique features specific to SP scenarios: 
 
• customisation of experimental choice attributes and levels to correspond to each 
respondent's actual situation; 
• randomisation of the order in which the choice alternatives are presented, to 
reduce response bias; 
• semi-randomisation of experimental designs, to increase statistical efficiency and 
analysis flexibility; and 
• self-adjustment of experimental designs, using previous responses to optimise the 
choices offered subsequently 
 
As shown in Figure 6.4, the survey starts by gathering RP information regarding the 
attributes of the respondent’s current travelling mode. An example of an RP question 
for a car user is shown in Figure 6.5.  
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Figure 6.5 Example of an RP Question 
 
Before switching to the SP module, the respondent is presented with a hypothetical 
scenario of the future modes from the SP choice set. An example of the question for 
the scenario is shown in Figure 6.6 for a work trip. The type of the respondent, 
whether captive or having mode choice, is determined on the basis of the answer 
given by the respondent to this question. 
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Figure 6.6 Scenario for Hypothetical Travel Modes 
 
If the respondent perceives to have a mode choice for the above question, a set of 
eight unique randomly generated between-mode SP comparison games is presented to 
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the respondent one-by-one. An example of the SP comparison game between car (real 
mode) and bus on busway (hypothetical mode) is shown in Figure 6.7. All these 
comparison games have varying values of the attributes so that the respondent can 
have a careful look on each scenario and make the decision of the selection of the 
mode based on the relative importance he/she associates to each attribute of the 
selected mode.  
 
WinMint provides the facility to the survey designer of increasing the number of 
varying levels for each attribute without changing the base design of the instrument. 
WinMint also ensures that the sets of choice alternatives with exactly the same levels 
for all design variables are not presented; thus maintaining orthogonality.  
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Figure 6.7 Stated Preference (SP) Comparison Game 
 
Contrarily, if a respondent is a car captive and is not willing to switch to any other 
mode, a set of four unique randomly generated within-mode SP comparison games is 
presented to the respondent one by one. A within-mode comparison game looks 
similar to its between-mode counterpart except for the fact that the respondent is 
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choosing within the attributes of the same mode. In this manner, the relative 
importance associated to each attribute of the captive mode can be determined and it 
can be further analysed as to what particular attribute generally plays a significant 
role in the respondent’s decision to remain captive.  
 
6.4. Survey Implementation 
 
Since the physical form of the instrument was set to be CAPI, portable 
microcomputers (laptops) were procured for the interviewers. The sample size for the 
survey is set to be around 600 respondents, generated using stratified random 
sampling, and is based on the findings of the literature review (Demetsky and Korf 
1979, Abraham and Hunt 1998) on sample generation methods. The survey is 
currently being conducted in Redland Shire and is aimed to acquire a substantial 
number of mode choice respondents along with the car captives.  
 
The target population was stratified according to the number of residents of each 
suburb of the study area, so that the final sample is representative since the method 
eliminates the possibility of a bias involved in the final results due to unwarranted 
surveying in a particular suburb. After the stratification of the target population was 
done, the sample was randomly generated by calling these people and asking them to 
volunteer themselves for the survey. Various other marketing techniques such as 
advertising in the newspapers and sending emails to the Redlands mailing groups 
were also carried out in order to get volunteers for the surveys and also to increase the 
awareness of the research among the residents.  
 
A team of four interviewers was set up to conduct surveys at the households, 
workplaces or any preferred venue of the respondents. At the current state, 450 
respondents have already been interviewed and their recorded data is currently being 
analysed. Since each survey is based on the different types of trips an individual may 
take (work, shopping, recreational, other, etc), each respondent is asked to complete 
the appropriate number of surveys depending on the number of trips he/she may be 
taking.  
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6.5. Research Activities Undertaken 
 
6.5.1. Coursework Undertaken 
 
IFN 001 – Advanced Information Retrieval Skills (AIRS) 
The AIRS course outlined various advanced techniques for retrieving, searching and 
managing references and information for the literature review. 
 
6.5.2. Papers Presented 
 
1) Presented the paper “Design of a computer based survey instrument for 
modelling multimodal passenger demand” at the 27th Conference of the 
Australian Institutes of Transport Research (CAITR) held at Brisbane in 
December, 2005. 
 
2) Presented the paper “Modelling multimodal passenger choices with stated 
preference” at the 26th Conference of the Australian Institutes of Transport 
Research (CAITR) held at Melbourne in December, 2004. 
 
6.5.3. Seminars Attended 
Attended the 3 day short course on ‘Data collection and analysis for transport’ held at 
Brisbane in November, 2004. 
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7. FUTURE RESEARCH 
 
7.1. Model Calibration 
 
The calibration of the nested logit model and data sensitivity analysis will be carried 
out after the survey implementation task is finished using maximum likelihood 
method. ALOGIT, a standard logit modelling software, will be used for determining 
the values of the model parameters as perceived by the captives as well as those 
having mode choice.  
 
Various disaggregate nested logit models are aimed to be developed with different 
model specifications in order to test the hypothesis # 1. Different transformations will 
be performed on the utility functions of each mode in the SP choice set so that an 
accurate and reliable form of the functions can be achieved that can be representative 
of the travel behaviour of the study area.  
 
Various sensitivity analyses will be carried out on the values of the model parameters 
with variations in the characteristics of the trips, the trip-makers and the sample size 
used for the study area. These analyses will observe how the coefficients of the 
parameters change with different types of trips taken by the respondents and the 
lengths of each trips. Further analyses will be performed on the change in travel 
behaviour of the residents when the data is split according to different age-groups of 
the target population. People in a certain age-group may found to have a specific bias 
towards the attributes of the specification, and sensitivity analysis can identify those 
partialities.  
 
Further, statistical methods will be used to observe the variation in the end-results 
when the model is calibrated with different sample sizes. The model estimation will 
be done with small sample sizes for different trip purposes in order to determine an 
optimum size that can represent the whole study area.  
 
All the analyses on the sensitivities of the model parameters are aimed to develop an 
evaluation framework for forecasting the travel behaviour with the help of stated 
preference (SP) responses in the multi-modal environment of Redland Shire.  
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7.2. Research Activities Planned 
 
1) A paper is planned to be presented at the 22nd Australian Road Research 
Board (ARRB) conference to be held in Canberra in November, 2006. The 
abstract has been submitted and approved. 
 
2) One journal publication is planned based on the results of nested logit model 
calibration and sensitivity analysis on the model parameters. 
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